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For the presently described spherically symmetric Riemannian-geometric tensors, the 
Maxwellian electromagnetic tensor and the associated field tensor Fip can be constructed 
according to equation (SI-1), where the only surviving field tensor components are (following 
the symbolism and development of Tolman [SI-1]): 
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The resultant field quantities are 
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Therefore, we see that the static-spherically-symmetric Maxwellian tensors, (SI-1) and (SI-2), 
exhibit the same stress and energy relationship as the “equation-of-state geometric-tensors [SI-4], 
The present geometric-modeling endeavor, with its Maxwellian-tensor-form mimicking- 
component, has produced the fundamental and limiting agent for the currently-studied distorted 
geometry, namely a particular constraining functional relationship between the geometry- 
defining tensors (for an empty-space geometry, all of the components of the energy-momentum 
tensor are zero). In characterizing this simple equation (SI-4) as an “equation-of-state” and as a 
restricting distortional-model tensor relationship, we thereby elicit the metric-defining 
differential equations for such a family of geometric distortions. 


We constrain the modeling therefore by requiring that the descriptive stress-energy tensors 
satisfy this “constitutive relation” or “equation-of-state” between the temporal and spatial tensor- 
curvature elements, namely we require 


Tdj = —(Tdj + Td3 + Td3). (SI-4) 


We have introduced the explicit distortional-tensor symbolism Td for the geometric 
quantities. Contrast this perspective with cosmological renditions of geometric curvature 
structure resulting from “matter” causation, wherein several “equations of state” relating to the 
“matter” variables p (density) and p (pressure) have been forthcoming [SI-3] where p = 0 p and 
where o varies from -1 to +1. 

Since, inherently, in the geometric “equation-of-state” constraint, the requirement that the 
descriptive stress-energy tensor, Td, be Maxwellian in nature, requires that the mimicking 
process be limited to asymptotically flat-space regions of the manifold since 1/r? field behavior 
does not adequately describe elementary-particle structural-detail. 

The calculational treatment employs the isotropic coordinate description of equation (SI-1) and 
utilized by Tolman [SI-1], where the system of equations represented by equation (SI-1), is 
shown more explicitly in equation (SI-5) in mixed tensor form; 
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Metric coupling, that is terms such as 1’v,’ are apparent in the fundamental curvature equations. 
The usual notation, where primes denote differentiation with respect to the radial coordinate r 
and dots denote differentiation with respect to the time coordinate t, is employed. We are 
considering the static case (where total differentiation replaces partial differentiation) as was also 
used for Schwarzschild’s (gravitational) interior and exterior solutions for the model of an 
incompressible perfect-fluid sphere of constant density surrounded by empty space [SI-1]. In that 
work a zero-pressure surface-condition and matching and normalization of the interior and 
exterior metrics at the sphere radius were used as boundary conditions. 


Tolman [SI-1] has shown that the energy of a “quasi-static isolated system” can be expressed 
as “an integral extending only over the occupied space”, which we will allow to extend to 
infinity, and where the total energy of such a sphere is therefore expressed as 
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This mass-energy representation will be used throughout in calculating the distortional mass- 
energies. The distortional-tensor energy-density amplitudes manifested in these presently 
calculated geometric representations are both negative and positive, that is, there are both 
negative energy-density [SI-2] and positive energy-density regions internal to the distortions. 
Since geometric distortional fields arise from the same energy-density tensors, the negative 
energy-density geometric regions are also sources of negative energy-density field quantities. 

In the current procedural characterization, one has sufficient information to move to a solution 
of the differential equations without explicitly stating any “material” energy densities, thereby 
maintaining the spatial-distortion causative-perspective. The metric u and v solutions can 
consequently determine the resultant energy tensors. The consequent equation however still 
involves both temporal, v, and spatial, u, variables and accordingly requires one further 
qualifying distortional relationship to afford solution. In generalized format we write such a — 
metric-relationship as 


v' = [-2 + f(r)]p’ (conveniently simple) (SI_6a) 


with f(r) further defined in order to mimic “Maxwellian” and “Schwarzschildian” behavior; 
“Schwarzschildian” behavior defined as “Einstein equations with r and t constant so that dr? = 0 
and dt? = 0 and then the metric becomes ds” = r?(d0” + sin’@ dd”) which is the line element for 
the surface of a sphere meaning the metric is spherically symmetric. Metric-element coefficient- 
functions must be consistent with T,,, = 0 (empty spacetime in the vicinity of a source mass) 
and must approach 1 as r approaches infinity, to become the Minkowski metric in spherical 
coordinates (the metric should be asymptotic flat).” 

The “Kerr” metric is an exact solution of the Einstein equations, generalizing the 
Schwarzschild metric to represent a “spinning black hole.” 

Examination of the Maxwellian field quantities F12 and F14 helps in regard to defining f(r) and 
for the present modeling work, we use the fundamental distortion-defining form 
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RO is a distortional-characteristic, or normalizing, radius. The present functional construction can 
be compared with the Schwarzschild solution [SI-1] in isotropic coordinates where 
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It will be found in the following development that the simplest (n = 3) distortional form is 
required to produce zero energy-densities at r = 0, the radial origin of the geometric structure, 


and a magnetic energy-density mimic at large radii, as well as producing the “metric 


Schwarzschildian” behavior and the geometric-physical characteristics of the modeled particles. 
Equations (SI-5) can be written in a static system as 
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Imposing the “equation of state” relationship (SI-4), in the tensor eq. (SI-6c) for Td4, the 
“metric differential equation” (SI-6d) is created . 
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A solution to this equation (SI-6d) is found to be 
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“For the special case where f = 1”, equation (SI-6d) becomes 
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This “special case” is a description of a “Maxwellian Perfect-Fluid-like Distortion” with 

p0 (pressure) = p0 (mass-energy density); the definition of the “Maxwellian Perfect-Fluid” 
being -(Tdi + Td? + Td3) = pO and Tdj = p0. In this case, however, the metric-variables 1’, 
v’ and the energy-density tensor quantities Td4 , Td3 , Td? and Td}, are all infinite at r = 0. 

The w’ metric solution satisfies the “Minkowski” reduitement that the “Metric-element 
coefficient-functions must be consistent with T,,, = 0 (empty spacetime in the vicinity of a 
source mass) and must approach | as r approaches infinity, to become the Minkowski metric in 
spherical coordinates (the metric should be asymptotic flat).” Moreover the ’ metric solution, 
u(r) also satisfies the heretofore unsatisfied requirement that p’(r = 0) = 0 for no infinities. 

The metric quantities g44 and gi; behave consistently with the classical notion of a 
“Lorentzian-Riemannian smooth manifold with a continuous two-index metric tensor field, non- 
degenerate at each point of the manifold, which is a basic ingredient of general relativity and 
other metric theories of gravity” [SI-1]. 

Both mass and field equations are dominated by the w’ function, but the radial region near the 
geometric origin requires a precise functional description of the metric quantities g44 and g11 to 
accurately characterize the fundamental physical quantities. In fact, as will be shown, the mass- 
energy quantity is almost exclusively generated by the transition region from “flat-space” to 
“distorted-space.” 

Written in the “u” variable form, 
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To illustrate the dependence of the tensor quantities on the metric quantity “near the radial 
origin,” we can show that for “non-infinite” behavior, n must be = 3 ; for example, 
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After solving for p and subsequently forming the asymptotic metric form, that is, the expanded 
large-radius metric, we have equated the distortional-geometric form to a Schwarzschild form 
with the result that 2/C1 = -Rs. See for comparison the Reissner [SI-4] and Nordstrom [SI-5] 
metric form constructed in the standard coordinate system for an object with mass “m” and 
charge “e”’. 

Having constrained the first order large-r (or ro) metric behavior to the Schwarzschild value 
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Rs/r & 2K =-2/(C1 1r), we have ascribed to the model the geometrically-generated 


characteristic of “mass-energy” via an undetermined “microscopic geometrostatic coupling- 
factor’, x. In this characterization, C1 must also be negative to satisfy the “pseudo- 


magnetostatic” field constraint elaborated below. Incorporation of the Fd,4* & (— =) . term 


(q is the charge quantity and £0 is the permittivity constant) implies an inclusion of the 
geometrically-generated characteristic of “electrostatic charge-energy” in the model (also see 
Tolman [SI-1]). 

Because of the fundamental geometrostatic equation-of-state relationship, the Td3 and Td3 
tensor elements are considered constructs of the basis tensors Tdj and Tdi, since Td; = Td3 =- 
(Taj + Td}) /2, and therefore not basis elements themselves. Also for the geometrostatic case, 
the Fd,” and Fd,3” field quantities are identical and therefore considered functionally addable, 
at the tensor expression level, to form the single field quantity Fdmag Although there are no 
“moving” charges in this static spherically symmetric model, the geometric field tensor entity 
(Fdnae) is non-zero and therefore both “pseudo-electrostatic” and “pseudo-magnetostatic” 


distortional-fields are produced. The “pseudo-magnetostatic” distortional-field source-strength is 
that of a “magnetic-dipole of magnitude to produce the dipole-axial-field.” 


The electrostatic and magnetostatic constraints (where h = Planck’s constant q = particle 
electric-charge, M = particle mass, 10 = permeability constant and c = speed of light = the flat- 
space propagation-velocity within the geometric manifold), constructed at large radii with r* and 
r° behaviors, have therefore produced (or required for mimicking), in conjunction with the 
“metric mass-energy” constraint, that the coupling constant be a variable, 

2 
ko = k= 0 (=) /2n. Having mimicked both mass-energy and electromagnetic-energy 
behavior, the coupling constant is a function of both source entities, the electric charge, and the 
mass, but in a combined fashion expressed through the single physical descriptor “spin.” 
These constraints have also determined the geometrostatic quantities, RO (the distortional- 
characteristic radius), and C1 (the metric-derivative integration constant). The results are 
summarized in equation (SI-9); k, C1 and RO have been expressed to show more explicitly the 
charge q and mass M dependence. The three geometric descriptors have been fixed by the two 
physical descriptors since C1 = C1(k,M) and RO = RO(k,M). 
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A structural-constant is manifested in the 1‘t mass-moment, RO Mc’, or 
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Although a classical presentation would not require a “quantization” restriction, we have 
included this feature to reflect the theoretically used quark concept. 

Finally, the geometrostatic sphere “mass-energy” equation must be satisfied for internal 
integrity and modeling success. 

By using the “equation-of-state” relationship for the geometric tensors, the mass equation 
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Tdi. Writing the tensor component explicitly, we have for the “sphere mass energy,” a product 
of tensor energy-density and the distortional differential volume element. 
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One can express the mass-energy integral in “normalized coordinates;” 
y : 


U(sphere) = Mc? ine pMass1 du & MgphereC* and (SI-10) 
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Then it is seen that the integral must evaluate to unity for equality. Expressing the mass energy- 
density in this fashion incorporates the effect of the distorted volume on the mass-energy’s radial 
dependence. The sphere-distortion energy is thus seen to be a function of “charge energy” 
through the integration constant y and to “spin-energy” through the coupling constant k. 

One comprehensively describes such a geometric distortion family therefore by mimicking a 
physical “mass” quantity and a “spin” quantity, the “charge” quantity being subsumed in the 
former “spin” quantity. This should arise from the “two-basis-tensor” geometric foundation. The 
“mass-energy” quantity is further satisfied internal to the model in the geometrostatic tensor 
construct of equation (SI-6). In summary, equations (SI-4) through (SI-9) form the equation set 
for describing the distortional family’s “particle-like” characteristics and its associated 
Maxwellian-like fields. Classically and geometrically, any mass quantity is allowed and 
describable. 

Since the distortional description itself yields a constrained value for the geometrostatic 
coupling constant, we see that at the mass and charge levels considered here, considerably larger 
values than the gravitational coupling constant are involved. It is to be noted that the 
gravitational coupling constant, G/c*, is approximately 37—42 orders of magnitude smaller than 
these geometrostatic Maxwellian-mimicked coupling-constant values. 
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The field equations, in both the EM realm and the gravitational realm (Q = 0), exhibit r® 
geometric behavior which we have interpreted as constituting a “magnetic monopole” mimic (what 
is a “magnetic monopole” ?). 

A 2-dimensional plot of this structure is included here to help visualize the “distorted- 
geometry” model. 
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Figure SI-1 Mass-Energy-Density distribution-function surface-plots (two views) (linear radii 
and logarithmic amplitudes) for the geometric hole distortion. 
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SUPPLEMENTARY VIDEO 


DALE R. KOEHLER 


As a supplementary visualizing addition to the geometric modeling we include as a Supplementary 
Video an animated muon video file, simulating the muon to electron beta-decay, a higher-energy 
nuclear process), produced as a spherically symmetric representation with the following details: 
frames 0-15; geometric-distortion mass-energy-density function for muon, 


@ frame 15, “muon” transitions (morphs) to “W boson”, and 
@ frame 30-45, “W boson” transitions (morphs) to “electron + neutrinos”; 
neutrinos not displayed. 


The beta-decay animation is constructed with linear radii but with logarithmic amplitudes and 
logarithmic normalizing radii RO and is further normalized to a “neutrino” amplitude and an 
“electron” radius. 


